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ABSTRACT

Concurrent Engineering Research Center (CERC),
under the sponsorship ofNLM (National Library of
Medicine) is in the process ofdeveloping a computer-
ized patient record system for a clinical environment
distributed in rural West Virginia. This realization of
the CCN (Community Care Network), besides provid-
ing computer-based patient records accessiblefrom a
chain of clinics and one hospital, supports collabora-
tive health care processes like referral and consulting.
To evaluate the effectiveness ofthe system, a study was
designed and is in the process ofbeing executed. Three
surveys were designed to provide subjective measures,
and four experiments for collecting objective data.
Data collection is taking place in several phases:
baseline data are collected before the system is
deployed; the process is repeated with minimal
changes three, then six months later or as often as new
versions ofthe system are installed. Results are then to
be compared, using whenever possible matching tech-
niques (i.e. the preliminary data collected on a pro-
vider will be matched with the data collected later on
the same provider). Surveys are conducted through
questionnaires distributed to providers and nurses and
person-to-person interviews of the patients. The time
spent onpatient-chart related activities is measured by
work-sampling, aided by a computer application run-
ning on a laptop PC. Information about missing
patient record parts is collected by the providers, the
frequency by which new features of the computerized
system are used will be logged by the system itselfand
clinical outcome measures will be studied from the
results ofthe clinics' own patient chart audits. Prelim-
inary results of the surveys and plansfor the immedi-
ate and distant future are discussed at the end of the
paper.
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INTRODUCTION

Concurrent Engineering Research Center [1] with the
partnership of Valley Health Systems Inc. (VHS) is
conducting a field trial of the computer-based clinical
environment connecting two of the 15 clinics of VHS
and the radiology department of a tertiary care hospital
located in southern West Virginia. Initially the system
will support only the prenatal care providers but it will
be eventually expanded to additional clinics and for
other types of care. In this paper, we will describe our
effort in evaluating as well as measuring the effective-
ness of the system.

When studying the effectiveness of any system, the
first thing to do is to define exactly what do we mean
by "effectiveness". Since a pure cost-effectiveness
study is made all but impossible by the nature of the
medical environment, this study is designed to mea-
sure the reduction in time and provider effort spent on
patient-chart related activities and to evaluate provid-
ers', nurses' and patients' satisfaction with the new
system as compared to the paper-based records. Effec-
tiveness in our study means reduction in time and
effort on one hand and higher levels of satisfaction
with the system and confidence in the quality of the
care on the other.

In evaluating a new system, control group studies are
the most reliable. This means comparing data for a
group of users to similar data for a group of nonusers
or "controls". However, this design in our rural health-
care environment poses several problems: though
there are several clinics, and initially our system is
deployed in only two of them, the differences between
clinics are too large to use the providers in the rest of
the clinics as controls. So we use a version of this -- the
so-called before-after study, when each individual is
its own control, because we compare data collected
before and after the system is installed, matching
whenever possible for the same subject. In fact, we
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collect data several times after the deployment of the
system, so that the effects of the adjusting period can
be determined and discarded.

To avoid an overly complicated design without dis-
carding differences among the different types of
healthcare providers, we classified them in two differ-
ent categories: Medical Care Providers (MCPs) - phy-
sicians, physicians' assistants, nurse practitioners,
nurse-midwives -, and Nursing Care Providers(NCPs).

BREAKDOWN OF THE STUDY

In the next few paragraphs we list the experiments
forming our study and their goals. A more detailed
description of the individual experiments can be found
in the next section.

1. Survey ofMCPs and NCPs [2]

Goal: to determine general satisfaction level as well as
problems with the paper based and, later, the computer
based patient record systems, to assess providers'
readiness to use the new technology.

2. Patient Survey [3]

Goal: to pinpoint problems with the patient record sys-
tem from the patient's point of view and identify any
fears that the patients might have regarding computer-
based records.

3. Time-Motion and Work-Sampling Study [4]

Goal: to measure the proportion of providers' time
spent on activities related to the patient record
(reviewing chart and documenting visit) with the
paper based and then with the computer based system.

4. Missing Information Data Collection [5]

Goal: to determine the frquency of information miss-
ing from the patient record and the time needed to
recover that information. By missing information we
mean results of tests that were ordered but have not
been entered in the chart or parts of the patient record
that were misplaced or not sent with the patient.

5. Compliance with Guidelines for Clinical Out-
come Measures.

Goal: to see how much, if any, difference the comput-
erized patient record system made relative to patient

well-being as measured by compliance with guidelines
for clinical outcomes

6. Use ofNew Features Provided by the Computer-
ized Patient Record System

Goal: to measure the frequency with which the feature
is used.

METHODS AND MATERIALS

Survey ofMCPs and NCPs

The survey ofproviders atVHS is conducted in several
phases. A first set of questionnaires (preliminary sur-
vey) was distributed before the computer based system
was installed, and will be followed by at least two
other sets, three and six months after the deployment
of the patient record system. In addition, question-
naires will be prepared and distributed after any major
change in the computerized patient record system. The
preliminary survey pinpointed problems and assessed
the general satisfaction level with the paper based
patient records. It also helped determine providers'
readiness to accept a new, computer based patient
record system. The surveys performed after the system
is installed will deal with the same range of properties
of the patient records, with some questions dropped
and others rephrased so that they relate to the new sys-
tem. The secondary goal of these questionnaires will
be to assess the general satisfaction level with the com-
puter-based records and highlight possible problems in
the area of usability of the system. Repeating the sur-
veys could make it possible to track the learning pro-
cess of providers and test for the effectiveness of the
different components of the system that are installed
separately.

In all these surveys, providers are not identified by
name (in compliance with Institutional Review Board
(IRB) requirements), but with code-labels that are used
for the whole duration of the study.

As nursing and medical care providers' responsibili-
ties are different, two sets of questionnaires are used
for each phase of the study. All the providers at VHS
have been included in the preliminary survey, but only
those working in the clinics with computerized records
will participate in the next phases.

Dimensions included in the survey are:

* Level of general satisfaction with current patient
record system
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* Degree of providers' effort (usability)

* Level of organization of the patient record system

* Opportunities for prevention provided by the cur-
rent record system.

* Support for recording data related to clinical out-
comes

* Completeness of records

* Confidence in accuracy of information

* Confidence in security

* Frequency of unnecessary tests caused by failings
in the record system

* Availability of information after hours or from
other clinics

* Support for referral/consulting
* Providers' familiarity with computers
In most of the questions the subjects are asked to rank
on a three- or five-point Likert scale their satisfaction
with the patient record system's performance on a par-
ticular task from highly dissatisfied to highly satisfied.
There are also some multiple-choice questions.

Patient Survey

Unlike the providers' survey, where questionnaires are
distributed and filled out by the subjects, the patient
survey is conducted by "trained observers" in the form
of person-to-person interviews in the waiting rooms.
This is to accommodate patients of all ages as well as
patients with disabilities which would make reading,
comprehending and filling out a questionnaire diffi-
culL

Every effort is made to interview a random sample of
patients frequenting the two clinics targeted for initial
deployment of the computerized record system. Par-
ticipation is, of course, voluntary. Patients are not
identified in any way except for the clinic in which the
interview took place. Some demographic data is also
obtained in the course of the interview, to explain any
correlation between patients' satisfaction and factors
like age, gender and education level. The survey is
repeated three, then six months after the system is
installed and three months after significant changes are
made to the system. Results are then compared and
interpreted

The interviewer uses a standard questionnaire in con-
ducting the survey. The questions target areas like
waiting time and the burden placed on patients in mov-
ing pieces of medical record and in obtaining informa-
tion related to the medical history of the patient, as
well as apprehensions that the patients might have of
computerized records.

Time-Motion Study and Work Sampling

There are two kinds of methods to measure providers'
time spent on different activities: patient-based and
non-patient-based. In the first, the time spent on differ-
ent activities for each patient is recorded separately,
and at the end an average time is computed by adding
them up and dividing by the number of patients. The
non-patient-based methods record the time spent on
the activities regardless of which patient it was per-
formed on. In this study we considered two different
experiments: the time-motion study and work sam-
pling. While work sampling clearly belongs to the sec-
ond group, time-motion has variants for both of them.
At first, our study focused on the patient-based meth-
ods.

The time-motion study is a method used primarily to
measure effectiveness in industrial settings. The pur-
pose of the study is to measure and record the time a
subject spends on different tasks during a given time
interval and compute the average time spent on each of
them. It requires a one-to-one observer-subject ratio
which may be expensive, but, if sufficient data is col-
lected, the results are very reliable. In our effectiveness
study time-motion serves to measure the time spent by
providers on activities related to the patient record
(reviewing and updating the chart) as opposed to time
spent caring for the patient.

During the pilot-study several problems were discov-
ered with the patient-based approach. Since physicians
often delegate to the attending nurses responsibilities
related to the patient record, the observer has to follow
two persons' activities instead ofone. The two subjects
may be working on different tasks related to the same
patient, or to different patients, at the same time. Activ-
ities may be interrupted and then resumed again. All
this makes the recording of data by hand impossible.
So a computer application with an easy-to-use inter-
face was designed using Visual Basic to help the
observer. The recording is done by a laptop computer
with a light-pen.

However, further problems surfaced when the data
gathering began. The main problems arose fiom two
facts: that chart-related activities were going on in the
examination room, where the observer couldn't follow,
and that some of these activities were so fractioned that
measuring was made impossible. For instance, it
became obvious that reviewing the chart took some-
times half a minute or less, or wasn't done before
entering the examination room. Updating the patient
chart was done by some providers at the end of the day
or even after several days. It became obvious that col-
lecting data with a patient-based method can't be
applied to this environment.
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Because of this, methods for gathering data without
following the patients have to be used. This can be
done by a time-motion study that follows only the
activities of one provider, or with another evaluation
technique called work sampling. Work sampling has
successfully been used in medical environments, and,
though the resulting data is not as detailed as for time-
motion, it is considerably less expensive, for one
observer studies all the subjects at the same time.
Again, the possible activities of the subjects are cate-
gorized in just a few classes: reviewing the patient
record, caring for patient, updating the patient record,
other activities. A computer application was devel-
oped for a laptop computer with a light-pen, so that the
observer could record an observation with just a cou-
ple of touches on the screen.

Every ten or fifteen minutes the observer records the
activities of all the MCPs on duty in a clinic. Since the
clinics targeted are rather compact in size and there are
just a few subjects, a "round" will take less then a
minute. Statistical formulas give the number of obser-
vations necessary to provide data with a given signifi-
cance level for the inference. In the case of the two
clinics targeted in our study at least three weeks of
observation are necessary.

The "subjects" are all the MCPs in the two clinics in
the study, notjust those providing prenatal care. As the
observer only records how many of the subjects are
engaged in a given activity at the time the observation
is taken, it is impossible to get data about one particu-
lar provider. This is one of the drawbacks of the
method. The other problem is the same one as men-
tioned before: activities going on in the examination
room can notbe observed. This means that some ofthe
patient-chart related activities will be confounded with
caring for the patient. There is no solution to this prob-
lem without having the providers time themselves,
which would be burdensome and subjective. Still,
since our goal is not to give absolute measurements
but to compare observations taken before and after the
study, the results will be valuable in determining
whether the computerized system had any effecton the
proportion of providers' time spent on record-related
activities outside the examination room.

Gathering Missing Information Data

Often, information is missing from a patient record
due to the shortcomings of the paper-based record sys-
tem (pages get lost, lab results are not entered or are
late, part or the whole of the patient record is at another
clinic etc.). The MCPs in our study were asked to

record such incidents in a three-weeks time period and
to try to record the time spent on retrieving that infor-
mation. The average number of missing information
items per patient will be computed and compared to
such measurements after the system is installed.

Compliance with Guidelines for Clinical Outcome
Measures

Although the effects on patient well-being of the com-
puterized patient record system may take a long time
to show up, the system itself helps the recording and
analysis of data used to measure compliance with clin-
ical guidelines. This may mean better results in the
quarterly and annual patient chart audits. No separate
study will be done, the clinics' reports will be com-
pared to those taken before the system was installed.

Tracking the Use ofNew Features

The system will log the frequency with which new fea-
tures like packaging and sending referrals electroni-
cally or plotting lab results or looking at X-ray and
ultasound images are used.

PRELIMINARY RESULTS

So far, only the results of the first survey of providers
are available. We analyzed the distributions of the
answers for each question separately for MCPs and
NCPs. Then we compared their answers to the ques-
tions which appeared on both questionnaires. Last, we
tried to detect any difference in the answers due to the
different clinics and we compared prenatal care pro-
viders' answers with the rest.

About a third of providers report spending more than
35% of their time on activities related to the patient
charL Only for 10% ofMCPs and 12% of nurses is the
time spent on patient chart below 20%. There are clin-
ics where all the nurses spend more than 35% of their
time on updating patient records.

Asked about how easy it is to use the current (paper-
based) patient record system, 64% of MCPs and 42%
of nurses say that they have difficulties with it. 35% of
MCPs, but only 12.5% of nurses have major difficul-
ties finding information in the paper-based records.
About half of both groups report that sometimes they
can't even access the patient chart because it is in
another location and 53% of MCPs admit that unnec-
essary testing "happens sometimes" in their practice.
Prenatal care providers admit to more unnecessary
tests than their peers.
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Generally, both MCPs and nurses are satisfied with the
security of the patient records, but prenatal care pro-
viders as a group are more sceptical: only 33% are
entirely satisfied.

Several questions dealt with referral and consulting
situations. Only 57% of MCPs are satisfied with the
reliability and completeness of the information sent
with a patient referred to them and 37% say that it is
unacceptably hard to retrieve information to send with
a patient. If an easier information packaging method
would be available, 70% of MCPs would send more
information with a patient they refer to another pro-
vider. In an informal consulting situation, 80% would
at least sometimes share more information when ask-
ing for advice, and fully 96% would like "sometimes"
to see the actal data before giving advice.

When asked about their overall satisfaction with the
current patient record system, MCPs' opinions are
almost equally split between low, moderate and high
satisfaction levels. Nurses are much more satisfied,
while prenatal care providers in the two targeted clin-
ics are less satisfied than their peers.

In conclusion, we can state that in a majority of the
providers' opinion their is a need for improvement in
the performance of the patient record system. Reduc-
ing the time spent on patient records, improving the
organization level, providing access to the charts from
other clinics and providing better information-packag-
ing and -sharing facilities are all areas where a com-
puterized system will be extremely helpful.

FUTURE WORK

During our work, one of the major obstacles was the
lack of standards for this kind of evaluation study. As
a first step toward the development of a common data
base for similar studies we placed the explanation of
our study and methodology with the questionnaires
used for the surveys on aWeb site accessible to anyone
with a web-browser. The URL of the homepage is
http://www.cerc.wvu.edu/nlm/evalua-
tion/evaluation.html.

At this moment, the collection of baseline data is fin-
ished. The data is to be formatted and analyzed. The
next step is to prepare, plan and conduct the second
phase of the study, three months after the system is
deployed. That is to be repeated again after another
three month, because these months are essentially a
learning period for the users. Then, these results will
be compared to the baseline data, matching the sub-

jects whenever possible. Whenever the software sup-
port for a new type of care is ready, some of the
experiments will be repeated. Eventually, we plan to
include in the study all types of healthcare providers.

In the long term, our study should show the effects of
the computerized system on the health of the patients
by analyzing compliance with the clinical guidelines
for patient outcomes. Improvement in communication
between the providers and between providers and their
patients is another area to be targeted for evaluation in
the long term as well as in the short term, because this
information sharing is one of the keys for raising the
quality of patient care and the quality of life for both
patients and healthcare providers.

ACKNOWLEDGEMENTS

We are grateful to the following physicians from Rob-
ert C. Byrd Health Sciences Center, WVU for their
comments and suggestions: Dr. James Arbogast, Dr.
Leo Brancazio, Dr. Jeff Neely, Dr. Kevin Halbritter,
Dr. John Pearson.

REFERENCES

[1] R Reddy, V. Jagannathan, K. Srinivas, R. Karinthi,
S. M. Reddy, C. Gollapudy, S. Friedman: "ARTEMIS:
A Collaborative Framework for Health Care," Pro-
ceedings, Seventeenth Annual Symposium on Com-
puter Application in Medical Care, 1993.

[2] D. R. Dixon, B. J. Dixon, "Adoption of Information
Technology Enabled Innovations by Primary Care
Physicians: Model and Questionnaire Development,"
Proceedings, Eighteenth Annual Symposium on Com-
puter Application in Medical Care, Nov. 5-9, 1994.

[3] J. R. Lewis "Patient Views on Quality Care in Gen-
eral Practice: Literature Review," Soc. Sci. Med. Vol.
39, No. 5, pp. 655-670 1994.

[4] D. F. Sittig "Work-Sampling: A Statistical
Approach to Evaluation of the Effect of Computers on
Work Patterns in Healthcare," Methods of Information
in Medicine, F. K. Schattauer Verlagsgesellschaft
mbH, 1993.

[5] G. A. Wilson, C. J. McDonald, G. P. McCabe,Jr.
"The Effect of Immediate Access to a Computerized
Medical Record On Physician Test Ordering: A Con-
trolled Clinical Trial in the Emergency Room," Amer-
ican Journal of Public Health, July 1982, Vol 72, No.
7, pp. 698-702.

702


